METHOD OF SEPARATI NG OLEFI NS FROM M XTURES W TH PARAFFINS FI ELD OF THE

| NVENTI ON This invention relates to a nmethod of separating or concentrating
m xtures of 5 olefins and paraffins using a selectively perneabl e
menbrane. More specifically, it relates to a nethod of using certain
pol yi m de nenbranes to selectively separate olefinic hydrocarbons froma
gas or liquid mxture of olefinic and paraffinic hydrocarbons such as

t hose generated by petroleumrefining industries, petrochem cal industries,
and the |I|ike. 10 BACKGROUND OF THE I NVENTION O efins, particularly

et hyl ene and propyl ene, are inportant chem cal feedstocks. Typically they
are found in nature or are produced as primary products or byproducts in

m xtures that contain saturated hydrocarbons and ot her conponents. Before

the raw ol efi, | K@ AHrggt hese
m Xt ures. ﬁﬁgM§?I#¥%¢bﬁFﬁg?ﬁ%J%¥%$w}§?ur es is usually
carried out by distillation. However, the simlar volatilities of the
conmponents nake this process cpgfilyoransk aoyeNIt@iNed, requiring expensive
di sti.ll ati on colums and energy-intensive processing. Jarvelin reports

that the fracti ariad indérsionlrélates tna oithod of yéperating op pensenimatieunizdures &f t he nost
energy-intensjve distillatjon practi.ced in the United, States i
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conserving separation processes are "needed. Menbranes have been consi dered
for the sefipdatcadonpiion g os liquid miparass olefinie and pasafimichydapqaylons such
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the feed styjgam conditions are typically close to the gas/liquid phase
boundary of the m xture. Also, the nenbrane nust operate in a hydrocarbon
envi ronnment under conditions of high pressure and tenperature. Such harsh
condi tijgns tend to adverselga@ekbROUNDORTHEINVENTHEG stability of
separation performance of many nmenbrane materials. For exanple, songe
Olcfins, particularly ethylene and propylene, are important chemical feedstocks.

Typically they are found in nature or are produced as primary products or byproducts n
mixtures that contain saturated h}fdroca:rbons and other components. Before the raw

olefins can be used, they usually must be separated from these mixtures.

15 Currently, separation of olefin/paraffin mixtures is usually carried out by
distillation. However, the similar volatilities of the components make this process costly
and complicated, requiring expensive distillation columns and energy-intensive |
processing. Jirvelin reports that the fractional distillation of propylene/propane mixtures
is the most energy-intensive distillation practiced in the United States (Harri Jérvelin and

20  James R. Fair, Adsorptive separation of propylene/propane mixtures, Ind. Eng: Chem.
Research 32 (1993) 2201-2207). More energy conserving separation processes are

needed.

Membranes have been considered for the separation of olefins from paraffins as
an alternative to distillation. However, the separation is difficult largely because of the
25  similar molecular sizes of the components. Another difficulty is that the feed stream
conditions are typically close to the gas/liquid phase bbundary of the mixture. Also, the
membrane must operate in a hydrocarbon environment under conditions of high pressure
and temperature. Such harsh conditions tend to adversely affect the durability and

stability of separation performance of many membrane materials. For example, some
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1 contam nants plasticize selectively pernmeabl e nenbrane materials and can
cause loss of selectivity and/or perneation rate. A nenbrane with
sufficiently high olefin/paraffin selectivity, and sufficient durability
in long-termcontact with hydrocarbon streans under high pressure and
tenperature is highly desired. 5 Menbrane materials for separating olefinic
hydr ocarbons froma m xture of olefinic and saturated hydrocarbons have
been reported, but none can be easily or economcally fabricated into
menbranes that offer the unique conbination of high selectivity and
durability wcosemnitantpddsticiae s@c@wels's)enmvbletm@mbrawmatmrmﬂ@an sauge fags of
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Eng. Japan hiEh prasseg)and terapriatrres redj. A. Mahoney, E.F. St ei gel mann,
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i ndustrial seedivityend dprabjiy ender frslasiriaD@oSss cendiiddngner - el ectrol yte
facilitated-transport nenbranes appear nore anenable to fabrication into
stabl e thin fil nForedanmpis sevetdéndrpayic ﬁidpﬁmaﬁdoﬂgaﬂc Iﬁanybratht&rialpwmmr
electrol te copposi te nmenbranes for. ol efin/paraffin ara . Menbr ane
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ol of i n par at IS Li e R EAHEnER - gy . Stegstmany Ol separation by
facilitated transport, in: N.N. Li, J.M. Calo (eds.), Membrane Handbook, Van Nostrand,
15 New York, 1992. Such materials are difficult to fabricate into practical industrial
membranes. Liquid facilitated-transport membranes have been demonstrated to have
attractive separation performance in the lab, but have been difficult to scale up, and have
exhibited declining performance in environments typical of an industrial

propylene/propane stream.

20 Solid polymer-electrolyie facilitated-transport membranes appear more amenable
to fabrication into stable thin film membranes. See Ingo Pinmau and L..G. Toy, Sofid
polymer electrolyte composite membranes for olefin/paraffin separation, J. Membrane
Science, 184 (2001) 39-48. Such a membrane is exemplified in U.S. Patent No.
5,670,051 (Pinnau et al, 1997) wherein a silver tetrafluoroborate/poly(ethylene oxide)

25  membrane exhibited ethylene/ethane selectivity of greater than 1000. However, these
membranes are severely limited by their poor chemical stability in the olefin/paraffin

indusirial environment.

Carbon hollow-fiber membranes have shown promise in laboratory tests
(“Propylene/Propane Separation”, Product Information from Carbon Membranes, Ltd.,
30  Israel), but are vulnerable to degradation caused by condensable organics present in
industrial streams. Moreover, carbon membranes are brittle and difficult to form into

membrane modules of commercial relevance.
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Car bon hol | owfi ber nmenbranes have shown promi se in |aboratory tests

(" Propyl ene/ Propane Separation”, Product Information from Carbon Menbranes,
Ltd., 30 Israel), but are vulnerable to degradati on caused by condensabl e
organics present in industrial streans. Moreover, carbon nenbranes are
brittle and difficult to forminto nenbrane nodul es of commercia

rel evance. 2 Menbranes based on rubbery polyners typically have
olefin/paraffin selectivity too |ow for an econonically usef ul separation.

For exanple, Tanaka et al. report that the ﬁl%:‘e gas opyI ene/ prog}ﬁ
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sel ectivity, For | t ported that films of polysulfone,
et hyl cell ulPglymner é%epm’§§él%ﬂg)é9§féé(§nd cellulose triacetate exhibit
propyl ene/ propane sel ect|V|t of 5 or_less (Akira Ito and Sun-Tak Hwang,

Per neat i on of 15 Mpmaly 9 Py eakymery kavg fheaateniiablor proyadipgasefully -
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4,623, 704 de FOCESS I'ZI'ng ose rlace ate rane

for recoyer hggslﬁlnyhﬁﬂ@utar@mtﬂmtmeemmﬁn vent of a polyethyl ene plant.
However, the vent streamthat contained 96.5% ethylene is noderately

upgraded to only @4} Bifeckdalich@y BRH IR BiSsepirafddihdRzch@al ¢ kigbvwidodlne
reactor. Menbrane f|S fo of pol 3&(’5{ - di %etﬁ%l -1, phegnyl enSe2 oXi de)9exh| bited
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H gher sel egl fysul%(:xle gtﬁyl Cefilllose, cellulose acetate and cellulose triacetate exhibit

propylene/propane selectivity of 5 or less (Akira Ito and Sun-Tak Hwang, Permeation of

15  propane and propylene through cellulosic polymer membranes, J. Applied Polymer
Science, 38 (1989) 483-490).

U.S. Patent No. 4,623,704 describes a process utilizing a cellulose triacetate
membrane for recovering ethylene from the reactor vent of a polyethylene plant.
However, the vent stream that contained 96.5% ethylene is moderately upgraded to only

20  97.9% in the permeate stream for recycle to the reactor.

- Membrane films of poly(2,6-dimethyl-1,4-phenylene oxide) exhibited pure gas
propylene/propane selectivity of 9.1 (Ito and Hwang, Ibid.) Higher selectivity has been
reported by Dinitch et al. (J. Membrane Science 98 (1995) 287-290, I. Membrane
Science 82 (1993) 149-155, and J. Membrane Science 66 (1992) 1-8), but the values at

25  higher pressure were uncertain anci were accompanied by undesirable plasticization of

the membrane by propylene,

Polyimidé membranes have been studied extensively for the separation of gases

and to some dégree for the separation of olefins from paraffins. Lee et al. (Kwang-Rae |

Lee and Sun-Tak Hwang, Separation of propylene and propane by polyimide hollow- |

30  fiber membrane module, J. Membrane Science 73 (1992) 37-45) disclose a hollow fiber
membrane of a polyimide that exhibited mixed-gas propylene/propane selectivity in the




reported by Ilinitch et al. (J. Menbrane Science 98 (1995) 287-290, J.
Menbrane Science 82 (1993) 149-155, and J. Menbrane Science 66 (1992)
1-8), but the values at 25 higher pressure were uncertain and were
acconpani ed by undesirable plasticization of the nenbrane by propyl ene.
Pol yi m de nmenbranes have been studi ed extensively for the separation of
gases and to sone degree for the separation of olefins fromparaffins. Lee
et al. (Kwang-Rae Lee and Sun-Tak Hwang, Separation of propyl ene and
propane by polyimde hollow 30 fiber menbrane nodule, J. Menbrane Science
73 (1992) 37am8)pf Sisswitbluy fech prasoue 2 bere).nEhbecmosifondf fis nolyindde wamt
exhi bi ted n1xg%mgmmdpropylene/propane selectivity in the 3 range of 5-8
with | ow fedf préssure (2-4 barg). The conposition of the pon|n1de was
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perneabi | it ropane selectivity. Permeation data for dense-
filmmenbra reegalg 9{1%8)’43 nl%{rgent 6FDA- cont ai ni ng pol yi.m des have been
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Hi gher selectivity for simlar 6FDA polyimdes been reported in U S

Pat ent No. @opgt@p@p@me@nﬂltmm mbpsdbl)e/prhmn@\sehectmty Hesmaert apnﬁoedemhat
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have pure gas selectivity for propylene/propane in the range of 6-27. (C. Staudt-Bickel et

15  al, Olefin/paraffin gas separations with 6FDA-based polyimide membranes, J.
Membrane Science 170 (2000) 205-214). Higher selectivity for similar 6FDA
polyimides has been reported in U.S. Patent No. 5,749,943 (Shimazu et al); however, it
is anticipated that mixed-gas selectivity at high pressure will be much lower due to

plasticization by the propylene-rich feed gas.

20 U.S. Patent Nos. 4,532,041; 4,571,444; 4,606,903; 4,836,927; 5,133,867
6,180,008; and 6,187,987 disclose membranes based on a polyimide copolymer derived
from the co-condensation of benzophenone 3,3°,4,4’-tetracarboxylic acid dianhydride
(BTDA) and a mixture of di(4-aminophenyl)methane and a mixture of toluene diamines

useful for liquid separations.

25 U.S. Patent Nos. 5,605,627; 5,683,584; and 5,762,798 disclose asymmetric,
microporous membranes based on a polyimide copolj:mer derived from the co-
condensation of benzophenone-3,3°,4,4’-tetracarboxylic acid dianhydride (BTDA) and a
‘mixture of di{4-aminophenyl)methane and a mixture of toluene diamines useful for

liquid filtration or dialysis membranes.

30 U.S. Patent No. 5,635,067 discloses a fluid separation membrane based on blends
of phenylindane-containing polyimide polymers with polyimides derived from the -
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pl asticization by the propylene-rich feed gas. 20 U. S. Patent Nos.
4,532,041; 4,571, 444; 4,606,903; 4,836,927; 5,133,867, 6,180,008; and

6, 187, 987 di scl ose nmenbranes based on apol yi m de copol yner derived from

t he co-condensati on of benzophenone 3,3',4,4'-tetracarboxylic acid

di anhydride (BTDA) and a mi xture of di(4-am nophenyl)nethane and a m xture
of toluene diamnes wuseful for liquid separations. 25 U S. Patent. Nos.

5, 605, 627; 5,683,584; and 5,762,798 disclose asymetric, mcroporous

menbr anes based on a pol yi m de copol yner derived fromthe co- condensation
of benzophegumdensatich oizbeﬁzelihehmmefﬁié b@ﬁyﬂetracaabxjxdﬁd peid liyachhiydedo (BTDMY.) withl a
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separat’ion ins rom paraffins, none has” proven to neet the
per f or manc eseparatien oﬁoleﬁm:ﬁnm@drafﬁns horduss praven &ppleeiche poformBuUMMKEYiEOF THE

| NVENTI ON The . ntio rect ed to a nenbrane separation process for
separ at | ng BAUGHEPT fpdsrial apblicaon
SUMMARY OF THE INVENTION

The invention is directed to a membrane separation process for separating an olefin

15  from a mixture of olefins and paraffins comprising:

(a) providing a two-sided, selectively permeable membrane comprising a

polymer or copolymer having repeating units of formula (I):

C—R— j\R)OkN—
Y Y

0

@

in which R is a moiety of composition selected from the group of consisting of
formula (A), formula (B), formula (C) and a mixture thereof,

20




15 froma mxture of olefins and paraffins conprising: (a) providing a

t wo- si ded, selectively perneabl e nenbrane conprising a polynmer or

copol ymer having repeating units of formula (I): U'" -RI-NRN Y OOm 20
in which R2 is a noiety of conposition selected fromthe group of
consisting of formula (A), formula (B), fornmula (C) and a m xture thereof,
)a -h-d- -b-z-d (A (B) (O 5 Zis a noiety of conposition selected from
t he group consisting of formula (L) formJIa (M, formula (N) and a

m xture thereof; and O O Il O-" (L) (NN R is noi et

composi ti on seIZemtaadomnmﬁmn@OgnmlﬁﬁI@@dsﬁ@ll fihﬂggmﬁp ecmsrﬁunaom)rmutst (}:ﬂ)r mul a

T f I th f CH3 T S b
E:o%t ac'?irrr?é gné§m@?f??@%@ﬁﬁﬂg%ﬁ tgeﬁg_%énm xture cf)g)pri(si) né ?an (®)

0

I b
PN ~ON I
(L) ™M) (N)

R, is a moiety of composition selected from the group consisting of formula (Q),

5 formula (T), formula (8), and a mixture thereof,
CH, t
CH,
Q (D) (8)

(b) contacting one side of the membrane with a feed mixture comprising an
olefin compound and a paraffin compound having a number of carbon atoms at least
10 as great as the olefin compound,
(¢) causing the feed mixture to selectively permeate through the membrane,

thereby forming on the second side of the membrane an olefin-enriched permeate

composition which has a concentration of the olefin compound greater than that of

the feed mixture,

15 (d) removing from the second side of the membrane the olefin-enriched

permeate composition, and

(¢) withdrawing from the one side of the membrane an olefin-depleted

composition.




ol efin compound and a paraffin conpound having a nunber of carbon atons at
| east 10 as great as the ol efin conmpound, (c) causing the feed mxture to
sel ectively perneate through the nmenbrane, thereby form ng on the second
side of the nenbrane an ol efin-enriched perneate conposition which has a
concentration of the ol efin conpound greater than that of the feed

m xture, 15 (d) renoving fromthe second side of the nenbrane the

ol efin-enriched perneate conposition, and (e) withdrawing fromthe one
side of the nenbrane an ol efin-depleted conposition. 6 DETAILED
DESCRI PTI ON OF THE | NVENTI ON This invention is directed to a nethod of

sel ectivel y separati ng DEFAIRER DESCRIBEHONEHE THEIMVERYBIAN ni ¢ hydr ocar bons

i nmb t ai ni t ai lyi m .pal . d
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which R2 is“a noiety o corrp05|9[| on selected fromthe group of consisting
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in which Ry is a moiety of composition selected from the group of consisting of

10 formula (A), formula (B), formula (C) and a mixture thereof,
ol o0 o0
(A) ®) ©

Z is a moiety of composition selected from the group consisting of formula (L),

formula (M), formula (N) and a mixture thereof; and
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O
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R, is a moiety of composition selected from the group consisting of formula (Q),

15 formula (T), formula (8), and a mixture thereof,




Il (L) M(N) R is a noiety of conposition selected fromthe group
consisting of formula (Q, 15 fornmula (T), formula (S), and a m xture
thereof, 7 00CH O CHB CH3 (Q (T) (S) In a preferred enbodi nent the
polyimde that fornms the selective |ayer of the nenbrane has repeating
units as shown in the followng fornula (11): O tR-NON C 5p 0 (Il)
In this enbodinent, noiety Rl is of fornmula (Q in 0-100% of the repeating
units, of formula (T) in 0-100% of the repeating units, and of fornula (S)
in a conplenmentary anount totaling 100% of the repeating units. A pol yner
of this structure is available 10 from HP Pol ynmer GrbH under the tradenane
P84 and is nmuch preferred for use in the present invention. P84 is -
believed to have repeating units agcording to fornula (11) in which Rl is
formula (Q in ab eating units, forrmula (T) in about 64 %
to be d

of the repeating in about 20 ¢ the re ting
fromthe ¢ @mh-p@an of
benzophenone tetracaggpoxylic 15 di gnhydride (BTDA, nole % h a

units. P84 is

m xture of 2,4-toluene diisocyanat€d{2,4-TDI, 64 nole %, 2,6-toluene

di i socyanate (2,6-TDI, 16 nole % and 4, 4'-nethyl ene- bi s(phenylisocyanate)
(MDI, 20 nole % . (qQy another pref@gyred enbodi ment, the pggyim de that formns.
the selective |layer has

and for nul

N

In a preferred embodiment the polyimide that forms the selective layer of the

membrane has repeating units as shown in the following formula (II):

: Q O
|
C
s 0 4 0
D
In this embodiment, moiety R; is of formula (Q) in 0-100% of the repeating units, of
formula (T) in 0-100% of the repeating units, and of formula (S)ina complemél:ntary
amount totaling 100% of the repeating units. A polymer of this structure is available
10 from HP Polymer GmbH under the tradename P84 and is much preferred for use in the
present invention. P84 is believed to have repeating units according to formula (II) in
which R4 is formula (Q) in about 16 % of the repeating units, formula (T) in about 64 %
of the repeating units and formula (S) in about 20 % of the repeating units. P84 is
believed to be derived from the condensation reaction of benzophenone tetracarboxylic
15  dianhydride (BTDA, 100 mole %) with a mixture of 2,4-toluene diisocyanate (2,4-TDI,
64 mole %), 2,6-toluene diisocyanate (2,6-TDI, 16 mole %) and 4,4’ -methylene-
bis(phenylisocyanate) (MDL, 20 mole %).

In another preferred embodiment, the polyimide that forms the selective layer has
repeating units of compositions selected from among those shown in the following

20  formulas ({Ila and I1Ib):
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In yet another preferred enbodi nent, the selectively perneable
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A preferred polymer of this structure is available from HP Polymer GmbH under
the tradename P84-HT325. P84-HT325 is believed to have repeating units according to
formulas (Illa and ITIb) in which the moiety R; is a composition of formula (Q) in about
20 % of the repeating units and of formula (T) in about 80 % of the repeating units, and
in which a is about 40 % of the total of a and b. P84-HT325 is believed to be derived
from the condensation reaction of benzophenone tetracarboxylic dianhydride (BTDA, 60
mole %) and pyromellitic dianhydride (PMDA, 40 mole %) with 2,4-toluene
diisocyanate (2,4-TDI, 80 mole %) and 2,6-toluene diisocyanate (2,6-TDI, 20 mole %).

In yet another preferred embodiment, the selectively permeable portion of the
membrane can be formed of a material comprising a blend of the above mentioned
polymers. For example, it is contemplated that a membrane can be formed from a blend
comprising a first polymer having repeating units of formuta (Illa), formula (HIb) as
defined above, or a mixture of formulas (Illa) and (IIIb) and a second polymer baving
repeating units of formula (II) as defined above. Greater preference is givento a
membrane of a blend consisting essentially of the first and second polymers. In such
preferred composition, the second polymer should constitute about 10-90 wt. % of the
total of the first polymer and the second poljrmer.

The polyimides should be of suitable molecular weight to be film forming and
pliable so as to be capable of being formed into continuous films or membranes. The
polyimides of this invention preferably have a weight average molecular weight within

. o _
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by any of the diverse techniques known in the art. The polyners are
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U S Pat. No, 5,015,270 to Ekiner. In a ﬁq@eferred enbodi ment, the nmenbrane
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simul taneously as described in U S. Patent No. 5,085,676 to EKiner.
a membrane having multiple layers of typzcally different compositions. Modern

15  composite membranes typically comprise a porous and non-selective support layer. It
primarily provides mechanical strength to the composite. A selective layer of another
material that is selectively permeable, is placed coextensively on the support layer. The
selective layer is primarily responsible for the separation properties. Typically, the
support layer of such a composite membrane is made by solution-casting a film or

20  spinning a hollow fiber. Then the selective layer is usually solution coated on the
support in a separate step. Alternatively, hollow-fiber composite membranes can be
made by co-extrusion of both the support material and the separating layer

simultaneously as described in U, S. Patent No. 5,085,676 to Ekiner.

The membranes of the invention may be housed in any convenient type of
25  separation unit. For example, flat-shect membranes can be stacked in plate-and-frame
modules or wound in spiral-wound modules. Hollow-fiber membranes are typically
potted with a thermoset resin in cylindrical housings. The final membrane separation
unit can comprise one or more membrane modules. These can be housed individually in
pressure vessels or multiple modules can be mounted together in a common housing of

30  appropriate diameter and length.

In operation, a mixture of one or more olefin compounds and one or more

paraffin compounds is contacted with one side of the membrane. Under a suitable

10




The menbranes of the invention may be housed in any convenient type of 25
separation unit. For exanple, flat-sheet nenbranes can be stacked in
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menbranes are typically potted with a thernoset resin in cylindrical

housi ngs. The final- nenbrane separation wunit can conprise one or nore
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appropriate diameter and |length. In operation, a nixture of one or nore
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to accept afreradie foed gide supplied fromdiverse sources. If the feed stream
is a gas 10 that exists already at a sufficiently high, above-atnospheric
pressure and a. pr%@YﬁbPTQGQS@ID@mPei@Gﬁmqﬁﬂaﬂﬁ@’éﬂﬂﬁ%ﬁﬁ@,@%! oS gadirtine, t he
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separ at | on SR&gHds paitiaipedacsessdigfngabene. the ddyag foree FREFBPEAOIR Bout 0. 7
to about 1l,goudtPSithddQaisinb G0 b prdslife ML, PHREFRS, HBRAGHERK o heed
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streamin €l e gaseofis state state. e state o
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the membrane to provide adequate driving force. Preferably the dliving force for

15  separation should be a pressure gradient across the membrane of about 0.7 to about 11.2

MPa (100 - 1600 psi).

The novel process can accept a feed stream in either the gaseous state or the
liquid state. The state of matter will depend on the composition and on the pressure and
temperature of the olefin/paraffin feed stream. When the feed stream is in the liquid

20 state, the separation can be carried out by the pervaporation mechanism. Basically, in
pervaporation, components of the liquid feed mixture in contact with the membrane
permeate and evaporate through the membrane, thereby separating the component in the

vapor phase.

This invention is particularly useful for separating propylene from

25  propylene/propane mixtures. Such mixtures are produced as effluent streams of olefin
manufacturing operations, and in various process streams of petrochemical plants, for
example. Thus in a preferred embodiment, the process involves passing a stream
comprising propylene and propane in contact with the feed side of a membrane that is
selectively permeable with respect fo propylene and propane. The propylene is

30  concenirated in the permeate stream and the retentate stream is thus correspondingly
depleted of propylene. The membranes of this invention exhibit unexpeciedly high

propylene/propane selectivity which distinguishes them from prior art membranes.

11
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removing from the second side of the membrane the olefin-enriched permeate

composition, and

withdrawing from the one side of the membrane an olefin-depleted composition which

15  has a concentration of the olefin compound less than that of the feed mixture.

This invention is now illustrated by examples of certain representative’
embodiments thereof, wherein all parts, proportions and percentages are by weight
unless otherwise indicated. All units of weight and measure not originally obtained in SI
units have been converted to SI units. The entire disclosures of U.S. Patents named in the

20 following examples are hereby incorporated by reference herein.

EXAMPLES

Example 1: Propylene/Propane Gas Separation with P84 Membrane

Asymmetric hollow-fiber membrane of P84 was spun from a solution of 32 %
P84, 9.6 % tetramethylenesulfone and 1.6 % acetic anhydride in N-methylpyrrolidinone

25  (NMP) with methods and equipment as described in US Patent Nos. 5,034,024 and |

5,015,270. The nascent filament was extruded at a rate of 180 cm’/hr through a
spinneret with fiber channel dimensions of outer diameter 559 pm and inner diameter
equal to 254 pm at 75°C. A fluid containing 85 % NMP in water was injected into the
bore of the fiber at a rate of 33 cm¥/hr. The nascent fiber traveled through an air gap of 5

12




w thdrawi ng fromthe one side of the nenbrane an ol efi n-depl eted
conposition which 15 has a concentration of the olefin conpound | ess than
that of the feed m xture. This invention is now illustrated by exanples of
certain representative enbodinments thereof, wherein all parts, proportions
and percentages are by weight unless otherwi se indicated. Al units of

wei ght and nmeasure not originally obtained in SI units have been converted
to SI units. The entire disclosures of U S. Patents nanmed in the 20

foll owi ng exanpl es are hereby incorporated by reference herein. EXAMPLES
Exanpl e 1: ®nepsdosriempenpanntcasatepeagaianbbathiat 24°LendNboBibeeas AEgpear i ¢
hol | ow-f i ber rre%br e of P84 was spun froma solution of 32 % P84, 9.6 %
t et r amet hyI%tr"i‘é@ |°F§283’%% 1.6 % acetic anhydride in N-methyl pyrrolidinone

25 (NWP) with nethods and ui prent. as descrjbed in t ent Nos.
5094 024 and 5. BBt e HES SRR P LR Sror i P R el of 180
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| to 254 ¢ 75 C. I

559 m and i nner aneter equal m “at A fluid containing 85 %

NVP i n at etenghisn Urf§. PateatiNon t4e080t74 abd #d 260098 Helldwekby smcuanydiyimgat r@®

cnB/ hr. The nascent .fiher. travel.ed,t htough an- air f 12 cm at room

t enper at ur °TREF e%@@ﬁmﬁ% tru thggrixﬁ%gf;rsg@ae %%P%ﬁgi}fq ’g)élpnﬁﬁ%urv\ound up
at a rate Ofaeddifivr whRefonRbEmtRiur fdshREmbASe WRIIRE 0952 Hbérd BRI THeat er  at
50C to renove residual solvent for about 12 hours and then sequentially

exchanged wiites imtheaottllesavas tieated e seab defBcts inthh serarativgdayepatibrrmaibed

4,080, 744 and.4,.1 098, .f.oll d C ' [ rature for
30 minutes.® Iﬁl‘etp%ﬁ%gpéxpﬂgesfc{@\é\fgl @érﬁela%edﬁ@dg’ggb’%g%??%ﬁg%réa%%%r. Sanpl es
of fiber wedgatdcerwth 4 Sl@tidioa2% @&t 1-DETHI AR 00 Qohtsmal CoRinki(Dets each. The
fiber in the nodules was treated to seal defects.in the separating |ayer
with a net Heerning Garperatien) in Re.drivimeilylaeyand f9e 0 minwessndthethdrieds. 4, 230, 463.
The fiber was thus 10 contacted with a solution of 2% w. 1-2577 Low VOC
Conf ormal Coat i rEhe(rBodulesGueminmgsi@od popeamiegtivn dfia feedofmixed peapyidanpmrane f or

30 mnutes (%B%Otngo g %:y iﬁg feed mixture was provided in the vapor state by controlling the

feed pressure at 2.8 MPa (400 psig) and the feed temperature at 90°C. The feed mixture

15  was supplied to contact the outside of the fibers and the permeate stream was collected at
atmospheric pressure. The permeate flowrate was measured by volumetric displacement
with bubble flowmeters. The feed flowrate was maintained at greater than twenty times
the permeate flowrate. This rate was high enough that the composition on the feed side
remained roughly constant while the feed mixture permeated the membrane. This was

20  done to simplify calculation of the membrane permeation performance. The composition
of the permeate stream was measured by gas chromatography with a flame ionization

“detector. The average permeate composition was 92.2 % propylene and 7.8 % propane.

The performance of the membrane was expressed in terms of propylene
permeance and propylene/propane selectivity. The permeance is the flowrate of
25  propylene across the membrane normalized by the membrane surface arca and the
propylene partial pressure difference across the membrane. If is reported in gas
permeation units ("GPU"). One GPU equals 10°® cm3(at standard temperature and
pressure "STP")/(sec * cm” » cmHg). The propylenc/propane selectivity is the ratio of the
permeance of propylene divided by the permeance of propane. The performance of the

30  four modules is shown in Table 1.
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The nodul es were neasured in perneation of a feed of m xed
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Propyl ene/ Progapte 2: PRidyRat/Pedpadé Giis $éparatibnIvitP O NOn-pdsttkeated Mendbrai2. 9 1. 3

13.1 (1) measured after 24 hours :
A sample of the fiber from Example 1 was processed and formed into a test

A7 Q e arTe—Wa

5  module as in Example 1 except that the fiber was not treated to seal defects in the
separating layer. The propylene permeance was 1.7 GPU and the propylene/propane
selectivity was 7.5. Although the selectivity was lower than the selectivity of the treated
fiber of Example 1, it was high enough to suggest that the P84 fiber with acceptable
performance characteristics can be produced as an asymmetric membrane without the

10  sealing postireatment.

Example 3: Propylene/Propane Gas Separation with P84 Membrane
Asymmetric hollow-fiber membrane of P84 was prepared-as in Example 1 with
the following two changes: (a) the water-bath temperature was lowered to 8°C and (b)
the spinneret temperature was increased to 87°C. The fiber was washed, dried and built
15 into test modules and tested in permeation of a 50:50 mole % mixed propylene/propane
feed mixture as in Example 1. The propylene permeance was 0.61 GPU and the

propylene/propane selectivity was 15.

Example 4: Durability of P84 Membrane in Propylene/Propane Gas Separation with P84
Membrane
20 Asymmetric hollow-fiber membrane of P84 similar to the fiber of Example 3 was
~ tested for duration of 4 days at 90°C with a 50:50 mole % feed mixture of
propylene/propane at 2.8 MPa (400 psig). The test was designed to simulate commercial

operating conditions. Results are shown in Table II. No decline in selectivity was
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Exampl e 2: Propyl ene/ Propane Gas Separation with P84 Non-posttreated
Menbrane A sanple of the fiber from Exanple | was processed and forned
into a test 5 nodule as in Exanple 1 except that the fiber was not treated
to seal defects.in the separating |ayer. The propyl ene perneance was 1.7
GPU and the propyl ene/ propane selectivity was 7.5. Although the
selectivity was |ower than the selectivity of the treated fiber of Exanple
1, it was high enough to suggest that the P84 fiber with acceptable
performance characteristics can be produced as an asymetric nenbrane
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Sel ectivity GPU gpe of the modiles of Example 1 was tested using a 50:50 mole % feed mixture

psig).% he test was

Resul t .are shown in

5  of propylene/propane. Feed pressure and temperature were controlled at 2.8 MPa (400
psig) and 50°C, respectively, to place the feed mixture in the liquid state. The permeate
was withdrawn at atmospheric pressure, therefore the permeate was in the vapor phase.
For this type of separation the concentration difference across the membrane is usuaily
considered to be the driving force for separation instead of the partial pressure difference

10  as used in gas or vapor permeation. For comparison of the resulis of this Example with
permeation under vapor state feed conditions, the simplifying mathematical treatment
described in J.G. Wijmans and R.W. Baker, 4 simple predictive treatment of the
permeation process in pervaporation, J. Membrane Science 79 (1993) 101-113) was
applied. Such analysis assumes that the liquid feed evaporates to produce a saturated

15  vapor phase on the feed side of the membrane and then permeates through the membrane

driven by a partial pressure gradient. This analysis provides 2 mathematical model that
includes terms for feed-side and permeate-side vapor pressures and permeance and
selectivity comparable to those used in the separation of gaseous state feed mixtures.
The model also contains a term related to the liquid-vapor equilibrium. With the feed
20  mixture of 50:50 mole % propylene/propane in the liquid state, the membrane produced
a permeate stream of 93% propylene. By application of the model, it was defermined
_ that the propylene permeance was 0.46 GPU and the propylene/propane selectivity was
16. In separate testing with feed mixture of the same composition in the vapor state at
2.8 MPa (400 psig) and 90°C, the propylene permeance was 0.95 GPU and the
25 propylene/propane selectivity was 13. This shows that the membrane of P84 can be

useful for separation service for liquid propylene/propane.
15




4 hours 1.7 (250) 13 0.76 1 day 1.7 (250) 13 0.96 2 days 1.7 (250) 13
0.73 3 days 2.8 (400) 12 0.61 4 days 2.8 (400) 14 0.61 Exanple 5:
Propyl ene/ Propane Liquid Feed Separation with P84 Menbrane One of the
nodul es of Exanple 1 was tested using a 50:50 nole % feed m xture 5 of
propyl ene/ propane. Feed pressure and tenperature were controlled at 2.8 MPa
(400 psig) and 50C, respectively, to place the feed mxture in the liquid
state. The perneate was w thdrawn at atnospheric pressure, therefore the
perneate was in the vapor phase. For this type.of separatiqn the .

concent r at i Brareplf e Peonyiensdirenpge Ges Sprardion e %Nk§ﬂﬁwgyﬂ%§8%¥méafgﬁhto be
the driving forc§3i£ﬁ3§§paration instead of the partial pressure difference
10 as used in gas or vapor permneation. For conparison of the results of

thi s Exanpl e wi tAsymeetmediollow-fitet erembegue of 8 tl dlt e efideP Soandi R84S EF 25 Was

Baker . A o FESRAEH aepaioy el K bdeht PRECHOS S S e Bt e and |
per vaporat | pg.y chti}%cﬁ{eﬁliﬁmsf itEDréd30hscrtLkih ERhurbRSt. PRApiffag Such

anal ysi s assurnes t evaporates to produce a saturated 15
vapor phasecoaditions afikeghigmete vodre sitntlanercopizha thaehinteeet tpoperaarewas $°6ugh t he

menbrane driven by a partial, pr ure gradient. is.anal ysis provides a
mat hemat | caﬁhe%%F%Pﬂé&e Wﬂ%{; ﬁ@@stﬁ%?lﬁﬁ Jps f@‘élal z[irﬁﬁzib%ﬂa%%%(g 2&j de
vapor pressyibgde ¥k HPRLRARE for pBEneafibh B4 hrobiMn&/priRanaBos ool eERedised i n
t he separation of gaseous statée feed m xtures. The nodel al so contains a

term rel at emixtaretaben Exapopld-1v dho pemepation performanesy was 1.A&HEBwDYROS ni xt ure of
50: 50 e % propyl ene/ propane in the liqui.d state, the nenbrane produced
a per e %fﬂﬁ&%‘fﬁ%&flggé&%g%ﬂ elRAPangSeleeiitys ati on of the nodel, it was
determined that the propyl ene perneance was 0.46 GPU and the

T ur o of BRI OHBEIRT Lini Bt isrepar e Mobgnst P00 psi g)
and 90C, the pr o&gﬁ@a%g?p%@mggsms 0.95 GPU and the 25 propyl ene/ propane

selectivity was 13. This shows that the nenbrane of P84 can be )
The module of 1:1 blend of P84 and P84-HT325 of Example 6 was tested with

50:50 mole % feed mixture of propylene/propane. The feed mixture was maintained in

o

15 the liquid state by applying the conditions described in Example 3, i.e., the feed pressure
was 2.8 MPa (400 psig) and the temperature was 50°C. The permeate was withdrawn as

a vapor at atmospheric pressure.

The membrane produced a permeate with 93.6 % propylene; the propylene
permeance was 0.6 GPU and the propylene/propane selectivity was 15.5. This shows
20  that the membrane of 1:1 blend of P84 and P84-HT325 can provide useful separation
with liquid propylene/propane feed.

Example 8: Propylene/Propane Liquid Feed Separation with a Membrane of P84
blended with P84-HT325
The test in Example 7 (i.e., with membrane of 1:1 blend of P84 and P84-HT325)
25  was continued for a duration of 100 hours, fo assess membrane performance stability
-under simulated commercial conditions. Results are shown in Table ITI. No significant

decline was observed.
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useful for separation service for liquid propyl ene/ propane. 15 Exanpl e 6:
Propyl ene/ Propane Gas Separation with a Menbrane of P84 bl ended with

P84- HT325 Asynmetric holl owfiber nmenbrane of a 1:1 blend of P84 and

P84- HT325 was spun froma solution of 16 % P84, 16 % P84-HT325, 9.6 %
tetramet hyl ene sulfone and 5 1.6 % acetic anhydride in NVWP by the process
described in Exanple 1. The spinning conditions and equi pnmrent were simlar
except that the spinneret tenperature was 85C, the bath tenperature was 8C
and the air gap was 10 cm The fiber was fornmed into a nodule which was
tested for permeation of a propyl ene/propane (50:50 nole %9 feed mxture
as in Exanple 1. The perneation performance was 1.9 GPU propyl ene 10
perneance and 11.9 propyl ene/ propane sépledilvity. Exanple 7:

Propyl ene/ Propane Liqui €e epar at i on w bl ended
wi th P84-HT325 The nodiiine of 1:RAropylemefPopade84 and P pi . of Exanple 6
was tested with 50: 56onrd e % f eedetactivity e of propy & g?%pane. The feed

m xture was maintai ondi tions
described in Exanple 524i.e., the fdéé pressure was @@8GRPa (400 psig) and
the tenperature was 5060 The perneatld.9vas wi t hdr awn % GRUvapor at
at nospheric pressure. BAe nenbrane fdisaduced a per nedt&? GPUh 93.6 %

propyl ene; the propyl en® perneance (& 0.6 GPU and ¢.émreGpropyl ene/ propane
selectivity was 15.5. This shows 20 that the nenbrane of 1.1 bl end of P84

and P84- HT 33xafplk ®Todlyiéhe/fa6hdte G8RBp ARG WwithPRA Dehstitiitn RiGRyh&Ne/ propane
feed. Exanple 8. Propylene/ Propane Liquid Feed Separation with a Menbrane
of P84 bl ended i thin #8ue Filrs 26P§polymest wahcdskfionpassolution. cempriging ROe #B# ane

of 1:1 blen a P84 - HT. odD Was continued. for a dquratio f 100

nour s, to st RO il SR Do Ry AR o et R A B e o ol

condi ti ofs. pBREstdr figmarae 1SR aithodiA&d £7-hinh ultMNE1FOR sfyl SFRneation cell
(Millipore), using a feed mixture of 50:50 mole % propylene/propane at 2.8 MPa (400

psig) pressure and 90°C. temperature. The permeate pressure was 2-5 mm Hg. The feed
flowrate was high enough to ensure low conversion of the feed into pernieate so that the
composition on the feed side was constant. The compdsitions of the feed and permeate
10  streams were measured by gas chromatography with a flame ionization detector. The
permeate flowrate was determined from the increase in pressure over time in the fixed-

volume permeate chamber of the permeation cell.

The permeation performance of the polymer is characterized by the two

parameters: propylene permeability and propylene/propane permselectivity, The

15  permeability is the flowrate of propylene across the film normalized by the film surface
area and film thickness and by the propylene partial pressure difference across the film.
Units of permeability are Barrers. One Barrer cquals 107 cm3(STP) « co/(sec « cm® *
cm Hg). The propylene/propane pérmselectivity is the ratio of the propylene and
propane permeabilities. The propylene permeability of the P84 film at 90°C and 2.8

20  MPa (400 psig) was 0.24 Barrers; and the propylene/propane permselectivity was 15.5, .
The permselectivity was in good agreement with the selectivity measured with hollow-

fiber membranes of P84 polymer.
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decline was observed. 16 Table Il Tinme Propyl ene/ Propane Propyl ene Hours
Sel ectivity Permeance GPU 24 15.5 0.56 GPU 60 15.9 0.59 GPU 84 15.6 0.67
GPU 110 15.8 0.67 GPU Exanple 9: Propyl ene/ Propane Gas Separation with
P84 Dense Film Menbrane A thin dense filmof P84 polynmer was cast froma
solution conprising 20 % P84 in NWP. The filmwas dried at 200€ in a
vacuum oven for four days. A sanple of the; 5 polyner filmwas tested in a
nodi fied 47-mmultrafiltration style perneation cell (MIlipore), using a
feed m xture_of 50;50 nol e % propyl ene/ propane at 2.8 MPa (400 psigQ)
pressure andoowle {&Hrepensropaps Sepapliginveh p Maafhrpee @fEDbT5 nm Hg.  The

feed flowate ﬂﬂ&%ﬁﬁl h to ensure | ow conversion of the feed into
perneate so that tFle “conp sltlgtion on the feed side was constant. The

conposi tions of thdeisediimaifd cppslpmat ef tdcsddiiecuyanate (EDIaasiitee obI0gas-

chronmatography with a flane ionization detector, The - perneate flow ate was
et or i ned. MPURISHEoDARIE ALEETA 2griodusnediisgowpale) #d 3 oWty Qkd-  vol une

er neat e schajihes h g ' id b8 !n[ﬂgp r RNG t he
Bol ymer |Ss char gg?%?%%?ﬁg{?ﬁ%d%ﬁﬁ%g?gmt ef@dégrgopy e‘ﬁ@%’éf%&%ﬁf@% and
pr opy: ene/ prtetmaﬂ)toEgldc?ﬁleﬂadﬁide(B;lyDA]'hras fﬁ?tﬁﬂétp@ﬂiﬂhﬁdﬂfg{ith%ﬁﬁ&ndlb %é\mateﬁ of
propyl ene acros e fi or i ze e surface and film
Uit ekness aomjerefiEomins pioah & st (¥ st eud MO8 it shaets S s admtaaer | | m
Units of pen klith of HeSHIBRk Ay, 48 B%s%d%@rﬁﬂ%’ﬁ'e@r&ﬁhé?eﬁﬁ@(ﬁﬁly was

cnm(sec ¢ cm Hg). The propyl ene/ propane pernsel éctivity is the ratio of
t he propyl emeemd propane perneabilities. The propyl ene perneability of
the P84 filmat 90C and 2.8

10 Comparative Example 1: Polypropylene/propane separation with a traditional
composition fiber membrane

Samples of composite hollow-fiber membrane of Matrimyid® 5218 a copolymer of 5,x-
amino~(4-aminophenyl)-1,1,3 trimethyl indane and 3,3'.4,4"-benzophenone
tetracarboxylicdianhydride (Vantico, Inc.) were tested in permeation over a 72-hour

15  period with a feed mixture of 50:50 mole % propylene/propane at 1.7 MPa (250 psig)
and 90°C as in Example 1. The purpose of the test was to determine the membrane
performance stability under simulated commercial conditions. This membrane,
described in US Patent 5,468,430 is a commercial gas-separation membrane produced by
MEDAL, LP. Results of the test are shown in Table IV.

Table IV
Time Propylene/ Propane Propylene permeance
hours Selectivity GPU
2 5.5 9.0
24 ' 7.0 4.8
48 k 7.1 4.0
72 7.2 3.8

20

As apparent from. these results, the membrane exhibited low selectivity and lost greater

than 50% of its initial permeance during the test, unlike the membranes of this invention.

Comparative Example 2: Propylene/Propane Separation with a Polyaramid Membrane
Samples of asymmetric hollow-fiber membrane made from a blend of two

25  aromatic polyamides were tested in permeation of a feed mixture of 50:50 mole %
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20 MPa (400 psig) was 0.24 Barrers; and the propyl ene/ propane

pernmsel ectivity was 15.5. . The pernselectivity was in good agreenent with

the selectivity neasured with hollow fiber menbranes of P84 polynmer. 17 "v
Exanpl e 10: Propyl ene/ Propane Separation with a Menbrane of TDI +

BTDA: BPDA(1:1) A dense filmof a copol ymer of toluenediisocyanate (TD, a

m xture of 20% 2, 6- tol uenediisocyanate and 80% 2, 4-t ol uenedi i socyanat e)

and a 1:1 m'xture of 5 benzophenone 3,3 4 4' -tetracar boxyl ic acid

di anhydri de (BTDA) with 3,6 3 et r box .di anhydri.de

(BPDA) was PESD G{Hﬁolﬁéi?ﬁ%%?mﬁ %05 Hg&) & e wegﬁvé@ﬁrlﬁpane

feed at 2.8 £REw

per neabi | i tf@%@b&ﬁ%@?@?g}%@ﬂgs ggﬁéar e?lgﬁééﬁ %QEP%;B’% %ﬂr opaneratlo

per nsel ect i wfy3. Was an estahlishé ga:s&e@matnmlmtmkmanﬁqm}pﬂm the separatlon of

Pol | enel ] traditional tion fib
monr ane” SangiResb FOTRRRars with Brdistaretisit Sbhb Aneie. NERRER ) 2516 a
copol ymes ofy&hykene $RbAGMES o LOD D OPIRAM Ardpylerd/ dﬁrapéﬂ%tsewhm@ctﬁ@es.ams

3,3 ,4, 4 benzophenone tetracarboxyl i cdianhydride (Vantico, Inc.) were
tested in p@plrfemancﬂmvhss ﬁlaizzhahoﬁiheltavqienﬂnduamﬂhhvmgfce@qiomlm Qﬁ@rmﬁlaSO 50

nol e % prop ane at 1.7 2

The  pur pose B L ErRR SRS pitbenpiréa bl e nirHine B A Ry ag TRy
stabi lity umglseRcHW fﬁ;%dpﬁﬁﬁmﬁro%aier ﬁ]@&dﬂeblfafléxammwsawmtgwm heesen i bed
in US Patent 468, 4 comer ci al gas-separation menbrane produced by

MEDAL, LP. REQ&IrtH/GH, etf®°Cest are shown in Table IV. Table |V Tinme
Propyl ene/ Propane Propyl ene pernmeance hours Selectivity GPU 2 5.5 9.0
10 Although specific forms of the invention have been selected for illustration in the

preceding description which is drawn in specific terms for the purpose of describing
these forms of the invention fully and amply for one of average skill i the pertinent art,
it should be understood that various substitutions and modifications which bring about
substantially equivalent or superior results and/or performance are deemed to be within

15  the scope and spirit of the following claims.
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24 7.0 4.8 48 7.1 4.0 20 72 7.2 3.8 As apparent fromthese results, the
menbr ane exhibited |l ow selectivity and | ost greater than 50%of its
initial perneance during the test, unlike the nmenbranes of this invention.
Conpar ati ve Exanpl e 2: Propyl ene/ Propane Separation with a Polyaramd
Menbrane Sanples of asymetric holl owfiber nenbrane nade froma bl end of
two 25 aronatic polyam des were tested in perneation of a feed m xture of
50:50 nole % 18 propyl ene/ propane at 2.8 MPa (400 psig) and 90C. as in
Exanpl e 1CLAINS :menbrane is described in US Patent No. 5,085,774 (Exanple
15). The fiber was spun at a drawratio of 7.3. It is an established
gas-separation nenbrane applied in the separation of hydrogen from m xtures
wi th hydrocarbons or carbon nonoxide. It exhibited a 5 propyl ene perneance
of 0.23 GPU and & rﬁérﬁll%ﬁe?E'&Jaﬁﬁ@xi)%%e@efo?%ﬁa\‘étfn)é & o196® froh b SmixReE ber mance
was | ess-than that of the novel nbranes ‘havi ng conposi tion of fornula
(1). Thi solefsiand paedtinprompesingd because t he nenbrane of aromatic pol yani de
has very high selectivity in separations of other m xtures, for exanple a
sel ectivity of(ahpedigding Rafivo-188d f sdledtRieBertica®RCmehibrahé Q@Hﬁfﬂlsﬁr@e@l fic
forns of the |nvent|on have been selected for illustration in the

pr ecedi ngPA¥REr PHEPRAI YT EAMPEsel Mmaigtiasof seamositiontselapted Bpm e giavPose of
descri bin df |y for one of average
skill in nesﬁ%@ﬁﬁffrf](gra @ia} hﬁ{ﬁnﬂ%gn Hagﬁe nlllikéﬁel?% ood that various
substitutions and jwodifications which bring about Osubst angi al 'y equival ent

or superior resultfs a d/or pe for ce are de o be wi fhi;n 15 the scope
and spirit of the 19 CLAI I\/B separ ation
process for m am xtu nd paraffins
conpri si ng:

(lia) (Ib)

in which moiety R, is of formula (Q) in about 1-99 % of the repeating units, and of
formula (T) in a complementary amount totaling 100 % of the repeating units, and

in which ais in the range of about 1 - 99 % ofa+ b

Jol

CH;
CH;

(&) (T)

(b) contacting one side of the membrane with a feed mixture comprising
an olefin compound and a paraffin compound having a number of carbon atoms

at least as great as the olefin compound,

(c) causing the feed mixture to selectively permeate through the

membrane, thereby forming on the second side of the membrane an olefin-
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(a) providing a two-sided, selectively perneabl e nenbrane conprising a

pol ymer or- copol ynmer conprise noieties of conposition selected fromthe
group consisting of forrmula (Ilia), formula (I1l1b) and m xtures thereof 0
OO0O0I Il R -HgHTtR -N CT OO0O0O((llia) (Illb) in which noiety
R, is of fornmula (Q in about 1-99 % of the repeating units, and of
formula (T) in a conplenentary anount totaling 100 % of the repeating
units, and in which ais in the range of about 1 - 99 %of a + b CH3 CH3
(Q (T) (bhrichmtt geninagteomenygiodiionf which nesbraanmneentnationt exdd the xalefie

i Si fi d ffi d havi nb f
compr BByt Flly APALE ARSeg BBl 7 commound g 2 nunber o
feed m xt t | ectivel te t h th . th by f i
o0, X By 38 i RSB D ol MR O

conposi tiﬁéynwgtghompgsiao@,cm@entrati on of the olefin conmpound greater  than
that of the feed mxture, (d) renoving fromthe second side of the nenbrane

the ol efin- enrdﬁgWﬂﬂwdrﬁﬁih@%rﬁ HENRRS sideObF tHRNEhenforaMé tAMIbRYMBpldiedn t he one
side of the ne _t_rane an ol efin-depl eted conposition.
composition.

2. The process of claim 1, in which the moiety R+ is of formula (Q) in about
20 % of the repeating units and of formula (T) in about 80 % of the repeating

units, and in which a is about 40 % of a + b.

3. The process of claim 1 in which the membrane comprises a blend of the

polymer with a second polymer having repeating units of formula (1)

%@@ @m

(I7)

and in which second polymer moiety Rq is of formula (Q) in 0-100% of the
repeating units, of formula (T) in 0-100% of the repeating units, and of formula

(8) in a complementary amount totaling 100% of the repeating units

CH;

Q) (T) | (S)
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2. The process of claim1, in which the moiety R is of formula (Q in
about 20 %of the repeating units and of fornmula (T) in about 80 % of the
repeating wunits, and in which a is about 40 %of a + b. 3. The process of
claim1 in which the nenbrane conprises a blend of the polyner with a
second pol ynmer having repeating units of formula (I1) 00 R-NaOC OO0O
(I'1) and in which second polynmer noiety R is of fornmula (Q in 0-100% of
the repeating units, of fornmula (T) in 0-100% of the repeating units, and
of formula (S The aranesploéetainad in whishribe tsecand pglyr@d %oostitutes atmpéat i ng

units ,Q - ~- - gHa- T 4. The process of claim3
in which tAF0 cémf%gﬁﬁq&%fgﬁé’%é‘)&dﬁ%ﬁ?&%ﬁ&%@%. % of the blend of
t he pol yner and the second polyner. 5. The process of claim4 wherein the
feed m xture i8 The preeess efidlaims4 aherein thetieed prisisies is iofthe liguichsBie.n which the
menbr-ane provi des a perneance -of the olefin conpound of -at | east -about 0.4
GPU. 22

6. The process of claim 5 in which the membrane provides a permeance

of the olefin compound of at least about 0.4 GPU.
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